Vagus nerve activity augments intestinal macrophage phagocytosis via nicotinic acetylcholine receptor alpha4beta2.
The vagus nerve negatively regulates macrophage cytokine production via the release of acetylcholine (ACh) and activation of nicotinic acetylcholine receptors (nAChR). In various models of intestinal inflammation, vagus nerve efferent stimulation ameliorates disease. Given the actively constrained cytokine responses of intestinal macrophages, we explored the effect of nAChR activation on endocytosis and phagocytosis by macrophages residing in the peritoneal and mucosal compartment. The phagocytic uptake by intestinal and peritoneal macrophages was measured by fluorescence-activated cell sorter analysis, and the nAChR involved was determined by pharmacologic blockade, short hairpin RNA-assisted gene knockdown, and the use of specific nAChR knockout mice. The effect of electrical vagus nerve stimulation on epithelial translocation and macrophage uptake of luminal particles was studied in mice. In isolated intestinal and peritoneal macrophages, nAChR activation enhanced endocytosis and phagocytosis. This effect was mediated via stimulated recruitment of GTPase Dynamin-2 to the forming phagocytic cup. These effects involve nAChR alpha4/beta2, rather than nAChR alpha7. Despite enhanced bacterial uptake, acetylcholine reduced NF-kappaB activation and pro-inflammatory cytokine production, while stimulating anti-inflammatory interleukin-10 production. Vagus nerve stimulation in mice altered mucosal immune responses by augmenting epithelial transport and uptake of luminal bacteria by lamina propria macrophages. ACh enhances phagocytic potential while inhibiting immune reactivity via nAChR alpha4/beta2 in mouse macrophages. Hence, vagus nerve efferent activity may stimulate surveillance in the intestinal mucosa and peritoneal compartment.